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Nuclear	Forensics	and	Radiochemistry:	Cross	Sections	
Robert	S.	Rundberg	

	
Abstract:	
The	neutron	activation	of	components	in	a	nuclear	device	can	provide	useful	
signatures	of	weapon	design	or	sophistication.	This	lecture	will	cover	some	of	the	
basics	of	neutron	reaction	cross	sections.	Nuclear	reactor	cross	sections	will	also	be	
presented	to	illustrate	the	complexity	of	convolving	neutron	energy	spectra	with	
nuclear	excitation	functions	to	calculate	useful	effective	reactor	cross	sections.	
Deficiencies	in	the	nuclear	database	will	be	discussed	along	with	tools	available	at	
Los	Alamos	to	provide	new	neutron	cross	section	data.	
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Simple	Concept	of	Cross	Sec7on	



Produc7on	of	an	Isotope	by	Neutron	
Capture	

The rate of neutron capture is,
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For very fast pulses the integrated flux over time, fluence,�(E) is used and
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If the neutron velocity distribution is a Maxwell-Boltzmann distribution the flux

is,
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If the neutron reaction cross section has a 1/v dependence and the flux distri-

bution does not change with time the number of atoms produced in an event

is,
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Thus the reaction rate is temperature independent when the cross section has

a 1/v dependence.

Neutron cross sections have an inherent 1/v dependence when the de Broglie

wavelength is long compared to the nuclear dimension. This is illustrated in

the Breit-Wigner formula for neutron capture to a single state in the compound

nucleus,
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The area under a single resonance is,
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The	Compound	Nucleus	



Neutron	Resonances	are	Levels	in	the	
Compound	Nucleus	



Typical	Neutron	Resonance	Spectrum	



1/v	Cross	Sec7on	in	a	Thermal	
Spectrum	is	Special	



The	Breit	Wigner	Formula	



Area	Under	Lorentzian	



Reactor	Spectrum	



Flux	Distribu7ons	



Effec7ve	Reactor	Cross	Sec7ons	



WestcoM-g	



Activation Products 
•  Neutron activation products can provide forensic 

information about: 
–  Materials used as device components. 
–  The location of materials. 
–  The neutron spectrum that materials were exposed to. 
–  The amount of environmental material swept up into 

the fireball. 
•  Neutron activation of ubiquitous materials may aid 

in the determination of nuclear yield. 
•  Neutron capture reactions are sensitive to the 

details of the low energy spectrum. 
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Iridium Activation 
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Gives information about: 
•  Neutron energy > 8MeV 

–  191Ir(n,2n)190Ir 
•  Neutron energy > 1 MeV 

–  193Ir(n, n’)193mIr 
•  Low energy neutrons 

–  191Ir(n,γ)192Ir 
•  Fast flux 

–  191Ir(n,2n)2 189Ir 

 

191Ir 
Stable 

193Ir 
Stable 

189Ir 
13.2d 

190Ir 
11.8d 

192Ir 
73.8d 

193mIr 
10.6d 

194Ir 
19.2h 

(n,2n)(n,2n) 
(n,2n) 

(n,γ) 

(n,2n) 
 (n,n’) (n,γ) 



Iridium Excitation Functions 
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Nuclear Decay Characteristics for Ir 
Isotopes 
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Isotope Produced by Half-Life Mode of Decay Gamma
Radiations

(MeV)

x-Rays

189Ir (n,2n)2 13.10 d EC 0.245 Os K and L x-rays
190Ir (n,2n) 11.78 d EC 0.186, 0.518, 0.605 Os K and L x-rays
192Ir (n,γ) and (n,2n) 74.2 d β-, EC 0.308, 316, 468 Pt K and L x-rays

Os K and L x-rays
193mIr (n,n’) 10.60 d IT Ir K and L x-rays
194Ir (n,γ) 19.15 h β- 0.294, 0.328

                                                                                     X-ray Energies (keV)

Element Kα Kβ Lα L β Lγ

Os 61.48>
62.99

71.40>
73.30

8.84
8.91

10.35
10.60

12.09

Ir 63.28>
64.89

73.55
75.61

9.10
9.17

10.71
10.92

12.51

Pt 65.11
66.82>

75.74
77.87>

9.36
9.44

11.07
11.25

12.94

         Nuclear decay characteristics for 189Ir, 190Ir, 192Ir, 193mIr, and 194Ir.



Gallium	Cross	Sec7on	Needs	



Another	Gallium	Cross	Sec7on	Need	



Mistakes	Have	Been	Made	



Ga-68	Decay	Scheme	



Annihila7on	Gamma	Ray	Summing	



Device	for	Advanced	Neutron	Capture	
Experiments,	DANCE	



DANCE	



Layout	of	the	DANCE	Time-of-Flight	
Spectrometer	



DANCE	Loca7on	in	the	Lujan	Center	



Proper7es	of	BaF2	Scin7llators	



Scin7lla7on	Proper7es	



DANCE	Pulse	Shape	Discrimina7on	



DANCE	Neutron	Flux	



DANCE	Backgrounds	



U-238	n,	gamma	Resonances	



U-238	n,gamma	



U-238	Unresolved	Region	



U-238	Gamma	Ray	Spectrum	on	a	
Single	Resonance	



Comparison	to	DICEBOX	



DICEBOX	Mul7plicity	3	



U-238	Study	Conclusion	

•  The	gamma	ray	spectra	observed	required	M1	
transi7ons	in	the	DICEBOX	cascades.	

•  The	M1	transi7ons	are	due	to	scissor-mode	
vibra7ons	as	opposed	to	E2	rota7ons	



ENDFB-VI	Problem	Solved	
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